A seismic investigation was made during the summer of 1965 in Katmai National Monument, Alaska. During 39 days of nearly continuous recording with a high-gain high-frequency tripartite array of seismometers, 1800 events were recorded. The majority of events were shallower than 10 kin, although some occurred at depths up to 150 kin. Most of the events were associated with the volcanic axis that trends northeast-southwest along the Alaska Peninsula. Although there are fifteen volcanic vents in the Katmai area, historic volcanic activity, ranging from minor steaming to major explosive eruptions has been limited to seven peaks. Seismic activity was generally greatest near the more recently active volcanos and was quite low near the volcanos with no record of historic eruptions. Two exceptions to this general tendency, however, were near Snowy and Fourpeaked Mountains. Most of the events in these two areas were attributed to short-term increases of seismicity in aftershock or swarm-type sequences. The b value in a log-log plot of frequency versus amplitude for all shocks was 1.4, which is intermediate between that of tectonic earthquakes (b --0.5 to 1.0) and that of volcanic earthquakes (b = 2 to 3). This b value plus the nature of the earthquakes observed imply a mixture of tectonic and volcanic shocks in a highly heterogeneous structure with locally concentrated stresses. A comparison of seismograms recorded at Brooks, Overlook, and Katmai Canyon shows a disappearance of the $ phase along a path crossing the volcanic range. A study of specific events suggests this is due to a shadowing effect by a magma chamber rather than to a source mechanism. A slight increase of seismicity was observed in early August near Mounts Trident and Martin, coinciding approximately with evidence for a minor eruption in that region. Detailed and confirming evidence of an eruption was limited because of remoteness and unfavorable weather conditions. A normalized count of seismic events in early August indicates that an increase of seismicity associated with a major eruption could be comparable to that observed at other volcanos of the explosive type and suggests that continuous seismic monitoring of the Katmai area would be of considerable value.
INTRODUCTION
is summarized in detail in a companion paper [Ward and Matumoto, 1967] .
Because of the great variety of, volcanic activity in the Katmai region, the authors initiated a field program during the summer of 1965 to determine the temporal and spatial distribution of earthquake hypocenters and their relationship to geologic structure and volcanic events. This paper describes the analyses in space and time of 1800 earthquakes recorded in 39 days by a high-frequency high-gain tripartite array of seismometers.
Very few seismic studies have been made in the remote Katmai region. The first seismic observation on the Alaska Peninsula was by the U.S. Geological Survey in 1927, using a Hawaiian type seismograph on Kodiak Island and later at Dutch Harbor on Unalaska Island [Jones, 1932] . In 1963, Decker and Ward set up the first seismograph in the Katmai area [Decker, 1963] . Their system consisted of a The array system consisted of three matched, critically damped, I-IS-10 2 cps vertical geophones and modified Lamont short-period seismic amplifier [Thanos, 1964] . The geophones had a coil resistance of 1650 ohms and a voltage sensitivity of 2.2 volts/cm/sec. The amplifier had a gain of 100,000 in the frequency range from 0.2 to 80 cps and had an equivalent input noise voltage of 0.2 microvolt peak-to-peak. The seismic signals were recorded on a sevenchannel Precision Instrument 5104 FM magnetic tape recorder with a tape speed of % inch/sec to provide a su•cient time resolution for the array recording. The frequency response of the tape recorder was flat from dc to 70 cps. The equivalent recording noise was less than 20 millivolts peak-to-peak, and the dynamic range was approximately 40 db/channel. The amplifiers were operated at 18 db below the maximum gain because of the background noise at the recording site. Nevertheless, with 18-db attenuation in the gain and the playback system described below, the visible records had a magnification of more than two million at 10 cps. Figure 2 shows the combined response and magnification of the tripartite system. The response curve for the short-period Benioff system of the World-Wide Standardized Seismograph Network operating at 100,000 gain is also shown for comparison. It may be seen that the array system has far better response from 5 to 20 cps, the frequency range containing much of the microearthquake energy.
The time signal was provided by a Bulova From the difference in P-wave arrival times across the array, the azimuth, angle of propagation path, and apparent velocity were calculated2' Earthquake hypoeenters were then calculated using the azimuth, apparent velocity, and S-P interval together with a crustal model2' When the S phase could not be identified, only azimuth and apparent velocity were deter- Less than 7% of the earthquakes observed at Overlook were of the B-type. This does not imply, however, that B-type earthquakes are not common in the area, but that a higher rate of attenuation at the shallow structure along the volcanic range and a greater distance for the recording of such events may be responsible. For a more detailed study it will be necessary to install a seismograph in the immediate vicinity of the active vents. [Sykes and Landisman, 1964 ]. An exponentially decaying aftershock sequence was clearly recorded following the main shock on July 21. The hourly count of the aftershocks with trace amplitudes of 1 mm or larger and with an S-P interval of near 11 sec is given in Table 2 . The seismic activity west of Fourpeaked Mountain was more prolonged than that near Snowy Mountain. These earthquakes seem to be of tectonic origin and are apparently related to the two faults mapped by Keller and Reiser [1959] and shown in Figure 9 . phases recorded at Katrnai Canyon and Overlook came from a small area of the focal sphere, their differences cannot simply be explained by the focal mechanism. Second, the paths of the waves with no observed S phase cross the volcanic axis. Third, the seismograms that consist of a P phase alone show a lower predominant frequency than the seismograms that consist of both P and S phases. These phenomena imply a shadowing effect of magma chambers on the S phase and possibly the higher-frequency components of P rather than an effect of the source mechanism. The same phenomenon has been reported by Gorshkov [1954] . Such an effect would be of great value in the determination of volcanic structure and deserves further study. The most striking feature of this map is that regions of high seismicity fall predominantly along the volcanic range. A closer examination shows a fair correlation between regions of high seismicity and recent volcanic activity. Mounts Martin and Trident, both recently active [Ward and Matumoto, 1967 The high acquisition rate of microearthquakes has allowed a detailed initial study of the seismic and volcanic activity in the Katmai region during a short field season. With the knowledge to be gained from a more detailed seismic study, already in progress, microearthquakes should prove to be a valuable tool in comparing the seismicity of many volcanic regions.
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